Using data available in two microdatabases -the e-Business Watch survey 2006 and the European Hospital Survey (2012-2013) -the study reported in this paper explores the determinants that lead to the adoption of three of the most commonly used Health Information Systems (HIS) in European Hospitals: Patient Administration Systems (PAS), Electronic Documents Management Systems (EDMS), and Picture Archiving and Communication Systems (PACS). For statistical analysis and modeling purposes, the original variables in the two surveys were transformed into binary variables. In order to explore the determinants of system adoption, Probit models were built taking into consideration the following explanatory variables or predictors: public ownership; hospital size; and human resources allocated to Research and Development. It has been found that being a public hospital, particularly in recent years, has a negative impact on HIS adoption. Hospital size is one of the main positive predictors of HIS adoption. The impact of human resources allocated to R&D is also a determinant of HIS adoption, but less so in recent years.
Introduction
Being critical components of modern societies [1] , health systems -whether public, mixed, or distributed among private participants -are under growing pressure to adopt Health Information Systems (HIS) that can help fulfill a variety of performance indicators such as clinical quality, cost awareness, service reach and access, and service efficiency [2] [3] [4] [5] [6] .
Also at the core of these concerns is the concept of patient-centred healthcare delivery, understood as care which:
"a) explores the patients' main reason for the visit, concerns, and need for information; (b) seeks an integrated understanding of the patients' world-that is, their whole person, emotional needs, and life issues; (c) finds common ground on what the problem is and mutually agrees on management; (d) enhances prevention and health promotion; and (e) enhances the continuing relationship between the patient and the doctor" [7] .
Keeping to these principles implies that healthcare providers must ensure the availability of reliable patient information [8] and the deployment of effective Information Systems and Information Technology [9] that capture, store, retrieve and transmit information related to patients.
This endeavor can be challenging in rapidly changing hospital environments, and requires a careful alignment of Information Systems and Information Technology with hospitals' business strategies, goals and objectives [10] [11] [12] .
Focusing specifically on the context of European hospitals, this paper aims at exploring the determinants that lead to the adoption of three of the most common HIS: Patient Administration Systems (PAS), Electronic Documents Management Systems (EDMS), and Picture Archiving and Communication Systems (PACS). These systems are also representative of an evolutionary perspective concerning the development of technological solutions that facilitate the systematic processing of data, information and knowledge in health care.
To avoid terminology ambiguity, PAS are systems that manage and record "patient identification, admissions, bookings and discharge" [13] . PAS typically provide a "master index of patient demographics (name, date of birth, sex, address, PAS number, NHS number)" [14] and hold information concerning patients' location and responsible consultants during specific clinical episodes. Furthermore, PAS usually shape the platform upon which EDMS are developed. EDMS are systems that "that enable patients' clinical paper notes to be scanned onto an electronic document allowing access by an authorised user on a hospital computer" [15] . Finally, PACS are "workflowintegrated imaging system[s] designed to streamline operations throughout the entire patient-care delivery process" [16] . PACS are used to digitally acquire medical images (e.g. X-ray, magnetic resonance imaging, ultrasound, etc.) that are subsequently stored in central data repositories to enable processing, analysis and interpretation by clinicians.
The European Commission decisions and recommendations on health policy stress the role of ehealth tools [17] [18] [19] and consider that the technology and information management are drivers of the pace of change in redesigning health in Europe for 2020 [17] .
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Databases and samples
The results of the empirical study reported in this paper are based on data available in two micro databases: the eBusiness Watch survey 2006 (e-BW) [20] and the European Hospital Survey (2012-2013) (EHS) [21] . The e-Business Watch supported the work of the European Commission's Enterprise and Industry Directorate General in the field of ICT and contain a sub-set of questions that address specifically the activities of hospitals.
The total samples are: 834 hospitals in the e-Business Watch survey and 1753 hospitals in the European Hospital Survey. Both databases have significant missing information (e.g. hospital size measures such as the number of employees or the number of beds). As a consequence, some calculations will not include all of the hospitals that have been surveyed. Only medium-size and large hospitals -respectively employing between 50-249 employees and 250 or more employees -are analised. Also as a result of missing information for some explanatory variables, the application of the probit models is based on smaller samples.
The two questionnaires have different content. e-BW 2006 was originally applied to several sectors of activity and generally aimed at collecting information on ICT infrastructure, e-skills development and outsourcing, ICT expenditure and investments, internal and external e-collaboration, online sourcing and procurement, online marketing and sales, ICT impacts, drivers and inhibitors, and innovation activity of the hospital or company. EHS 2012-2013 focuses mainly on aspects of ehealth, with a comparatively higher level of detail. However, questions of general scope such as hospital growth, financial position or strategic direction are missing in the latter.
The specific questions focusing on the use of PAS, EDMS and PACS in the two surveys are presented in Table 1 . For statistical analysis and modeling purposes, the original variables were transformed into binary variables: value 1 represents the adoption of a given HIS, and value 0 represents the non-adoption of such HIS. Tables 2 and 3 
Frequency of adoption of PAS, EDMS and PACS
HIS adoption and HIS implementation profile in Portugal (2006 and 2012-2013)
A finer-grained level of analysis reveals that Portugal exhibits a higher level of HIS adoption when compared with the global results for Europe (Table 4 vs. Table 2 and Table 5 vs. Table 3 ). Additionally, Radiology Information Systems (RIS), Pharmacy Management System (PMS) [21:188] . Finally, the evolution from 2010 to 2012 reveals a decrease of PACS usage and hospital-wide EMR/EHR/EPR shared by all clinical services in 41 acute hospitals. The acute hospitals are the hospitals where survey respondents consider that "the hospital was an acute or general hospital and in case they did not, whether they reported that the hospital had an emergency department, and at least one of the following: a) routine and/or life-saving surgery operating room; and/or b) an intensive care unit" [21] . Considering all the results obtained from EHS (13 eHealth indicators derived from the specific answers to the questionnaire) the eHealth profile of Portugal is close to the EU27+3 mean, being 'ePrescribing' in Portugal 48% above the mean and 'Broadband > 50Mbps' 30% above the mean [21] . 
Exploring HIS adoption determinants using two micro databases: e-BW 2006 and EHS 2012-2013
In order to explore the determinants of the PAS, EDMS and PACS adoption Probit models were built taking into consideration the following explanatory variables or predictors: public ownership (Public); hospital size measured by two categories: medium (50-249 employees) or large (50 or more employees) (Size); and human resources allocated to Research and Development (R&D HR). This short list of explanatory variables results from the use of two different data sources with relatively few equivalent/comparable variables.
The ownership of the hospital (public or private) is interesting to study in separate because the current management and investment decisions in a public hospital and a private hospital are taken through different processes, levels of decision, financial restrictions criteria and legal framework. This also explains the inclusion of this specific question in both surveys and the correspondent analysis [20] [21] . A debate about public hospital management and organizational performance can be found in [22] and the importance of individual, organizational, and contextual factors on hospital adoption of innovations is stressed in [23] .Several studies conclude about the positive relation between the hospital size and the adoption of innovations [23] [24] [25] [26] .
The results obtained from Probit models show that the hospital size affects positively the adoption of hospital size was found to positively affect in particular the adoption of PACS and the combined adoption of PAS, EDMS and PACS (see the marginal effects and significance levels in the last column in Tables 6 and 7) . Being a large hospital increases by 20% the probability of adopting the three HIS together in 2006 and by 36% in 2012-13. Comparing large hospitals with medium-sized hospitals, the probability also increases for PACS implementation from 22% in 2006 to 30% in 2012-2013. In recent years the adoption of EDMS also increases with hospital size (18%).
Being a public hospital has a negative impact on HIS adoption: in 2006 PAS probability decreases by 11%; and in 2012-2013 EDMS decrease by 4%. PACS and simultaneous use of the three HIS decrease by 11%. The positive impact of human resources allocated to R&D is relevant in general and leads to HIS adoption, but less so in recent years. Significance levels are: *** (1%), **(5%), * (10%).
(a) Marginal effects are for discrete change of the dummy variable from 0 to 1 Significance levels are: *** (1%), **(5%), * (10%).
(a) Marginal effects are for discrete change of the dummy variable from 0 to 1.
Discussion, conclusions and future work
The digital future for healthcare is patient-centred. At the present, health care services supported by HIS respond mostly to recording, retrieving and reporting of information rather than to more advanced clinical purposes (e.g. consultations online). Hospitals face several barriers that hinder the implementation of HIS, ranging from deficiency of interoperability to absence of regulatory framework and human and material resources [18] .
There is a need to improve the depth and breadth of knowledge available on the determinants and critical success factors of HIS adoption. Quantitative analysis such as the one reported in this paper contributes a refined evidencebased focus for the further development of qualitative analysis on e-health implementation. A recent literature review [26] identifies the main ehealth domains: management systems; communication systems; information systems; and decision support systems. The results presented in this paper show that some HIS have not yet achieved widespread implementation, particularly in medium-sized hospitals. There is a slow adoption of ehealth in routine care and the potential benefits can increase with higher transparency and accessibility to health records, for example combining personal health records with home monitoring devices and sensors [27] . Patient health status and information needs can act either as stimuli or obstacles of public engagement with ehealth services [28] . Consequently a complete study of ehealth implementation and use must address supply and demand issues.
The empirical analysis reported in this paper reveals that one of the main positive predictors of the use of HIS is hospital size. Size also matters for European firms' adoption of Enterprise Information Systems (EIS) [29] . Being a public hospital, in particular in recent years, has a negative impact on HIS implementation in Europe. Further research should examine if this finding is potentially related to the effects of the financial crisis and austerity in Europe's public health sector [30] . This could be done following a longitudinal approach by country clusters and including contextual variables.
Finally the study reported in this paper is not without limitations. First, the difficulty of comparing results obtained from two databases/questionnaires, one of which lacking data on the human and economic context of ehealth implementation in each hospital. Second, data for 2006 was extracted from a general questionnaire administered to European firms where Hospitals are one of the sectors considered. This was also done previously [31] . Third, whilst EDMS is one of the top HIS addressed in the ehealth literature [32] , the data available has not lead to a complete explanation of EDMS adoption determinants. Finally, the scope and size of this paper does not allow to evaluate the level of maturity of information systems and technologies in Portuguese hospitals [33] .
